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[57] ABSTRACT 
Layers of carbon with a thickness ranging from 10 nm 
to 10 pm with a diamond-like crystalline structure in a 
vacuum under a protective atmosphere, but also in at 
mospheric conditions, represent an excellent dry lubri 
cant which is characterized by a very low coefficient of 
sliding friction 0220.01 to 0.1) and also by a very high 
abrasion resistance. 

The adhesion of the carbon layer to bearing surfaces 
can be improved by an intermediate layer between the 
lubricating layer and the bearing surface. The interme 
diate layer preferably has a lattice structure similar to 
that of the lubricating layer. 

4 Claims, 1 Drawing Sheet 
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DRY LUBRICATED BEARING 

This is 'a continuation of application Ser. No. 433,927, 
?led Oct. 12, 1982; which is a continuation of Ser. No. 
162,974 ?led June 25, 1980 both now abandoned. 

BACKGROUND OF THE INVENTION 

The invention concerns a dry-lubricated bearing with 
a sliding layer containing carbon between the bearing 
surfaces. ‘ _ 

Bearings serve as support (guidance) of the moving 
parts of a machine inside stationary parts. Such bearings 
are used, for example, in rotary X-ray anodes. 

In order to reduce the frictional resistance between 
bearing surfaces, lubricants are applied which reduce 
the wear and tear on the material and also the energy 
consumption. 

In the friction between bearing surfaces, the frictional 
or tangential force K is dependent on the coefficient of 
friction p. between the bearing surfaces and on the load 
P with which the surfaces rub on or against one an 
other: K = u-P. 
A bearing surface means the surface of a component 

which bears against the surface of another component 
when there is a certain contact force exerted on one 
component by the other component. 
The coef?cient of friction u is dependent on the sur 

face roughness of the bearing surfaces, but in the case of 
smooth surfaces on the pairing of materials, i.e. on the 
materials of the opposed bearing surfaces. It is known 
how to change the coefficient of friction of dry rubbing 
by covering the bearing surfaces with other kinds of 
substances in order to reduce the friction and to reduce 
the wear of the bearing surfaces. 
On account of their material properties, the known 

dry lubricants can be split up into different groups: 
1. substances which have good sliding friction prop 

erties because of a plate-like crystalline structure, 
such as graphite or even the chalcogenides of met 
als like molybdenum, tungsten and niobium; 

2. malleable metals such as gold, silver, lead or tin; 
3. hard substances such as silicides, borides, nitrides 

or carbides. 
The substances mentioned can be placed loosely be 

tween the bearing surfaces or deposited as thin layers 
bonded to the bearing surface by means of a conven 
tional thin ?lm technology process, such as vapour 
deposition or cathode sputtering. 

All these dry lubricants have their particular advan 
tages and disadvantages. 
A disadvantage peculiar to graphite as a dry lubricant 

is that while in normal atmospheric conditions it has a 
low sliding friction coef?cient (uEQl-OZ), which is 
desirable, in a dry atmosphere it displays a much greater 
sliding friction coef?cient (p.508); the result of this is 
that there is considerable wear of the bearing surfaces 
on a dry atmosphere, since the graphite is very soft. 

Friction problems at not very high temperatures can 
be solved effectively by using chalcogenides of the type 
mentioned above, but the use of these materials be 
comes problematical at high temperatures. M052, for 
example, decomposes in air at temperatures above 400“ 
C. This lack of thermal stability therefore limits the 
employment of materials which would otherwise be 
suitable as dry lubricants. In contrast to graphite, MoSZ 
has a very low sliding friction coef?cient (p.=0.04) in a 
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2 
dry atmosphere, while under normal atmospheric con 
ditions the sliding friction coef?cient p. rises to ~02. 
A general disadvantage of materials with a plate-like 

structure-and this applies both to graphite and to 
MoS2—is their insuf?cient abrasion resistance and rela 
tive softness. 

Malleable metals such as gold, silver, lead and tin are 
good dry lubricants as these materials have a compara 
tively low sliding friction coef?cient (uzQZ-OA). Since 
these metals are extremely soft, however,-—which is 
what on the other hand gives them their good sliding 
properties—they also only have a low abrasion resis 
tance. 

In order to provide lubricating layers having a higher 
abrasion resistance, harder materials such as silicides, 
borides, nitrides and carbides have been used on bearing 
surfaces. 

It has been shown that it is possible to achieve a good 
resistance to abrasion with these harder materials, but 
the sliding friction coefficients in these cases are, with 
values of 1.»;03 to 0.7, far above the values of the mate— 
rials which are suitable as dry lubricants because of 
their low sliding friction coef?cients, graphite 
(ugOJ-Ol) or molybdenum sul?de MoSz (p;0.04). 

SUMMARY OF THE INVENTION 

The object of the invention was to create a dry 
lubricated bearing whose bearing surfaces have a slid 
ing friction coef?cient of the order of that of graphite or 
of molybdenum sulphide, but which also have a high 
abrasion resistance and hardness comparable to that of 
hard substances such as borides, silicides, nitrides and 
carbides. _ 

This problem has been solved by the invention in that 
at least one of the bearing surfaces bears a lubricating 
layer which is a layer of carbon with diamond-like 
structure 10 nm to 10 pm thick bonded to the said bear 
ing surface. 

Surprisingly it has been shown that especially good 
sliding friction coef?cients are not necessarily linked to 
a plate like structure of the dry lubricant, as had previ 
ously been assumed. The particularly good sliding fric 
tion properties of the materials with plate-like structure 
can be traced back, as is known, to the fact that the 
atomic spacings in the laminar plane are smaller than in 
the direction which is perpendicular to that plane. As 
the cohesion forces depend to a large extent on the 
atomic spacings (with increasing distance they fall in 
accordance with a power law), a lower friction coef?ci 
ent is produced between the adjacent laminar planes 
than with the relatively great cohesion for example of 
most metals. Good sliding friction coef?cients obvi 
ously depend on other, as yet unde?ned parameters, as 
is shown by the lubricating layer with diamond-like 
structure according to the invention. 

In a preferred version of the invention an intermedi 
ate layer improving the adhesion of the lubricating 
layer to the bearing surface is disposed between the 
lubricating layer and the bearing surface and it prefera 
bly has a lattice structure similar to that of the lubricat 
ing layer. 
The intermediate layer can consist of silicon or silicon 

dioxide. Associated with this is the advantage that the 
strength of the bond between the lubricating layer and 
the bearing surface can be improved considerably, par 
ticularly if the bearing surfaces consist of steel. 
A preferred method for use in the production of the 

lubricating layer for the dry-lubricated bearing is one in 
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which the lubricating layer is applied to the substrate to 
be coated in a plasma-activated deposition process from 
the gaseous phase (chemical vapour deposition) in such 
a way that an electrical bias voltage of up to some kV is 
imparted to the substrate and the gaseous atmosphere 
from which the lubricating layer is deposited contains 
gaseous hydrocarbons. 

Acetylene is preferably used as the hydrocarbon. 
The advantages gained from the invention are in 

particular that lubricating layers can be prepared which 
under‘ vacuum or under inert gas conditions have an 
especially low sliding friction coefficient p. of the order 
of 0.01 to 0.02 at the same time as a very high abrasion 
resistance and hardness, which is of particular advan 
tage when using the bearing according to the invention 
in rotary anode X-ray tubes. 
Another advantage is that these layers also have slid 

ing friction coefficients ,1 under normal atmospheric 
conditions (in air with a relative humidity of 50%) 
which are from 0.08 to 0.1 lower than those of the dry 
lubricating substance‘MoSz which, under normal atmo 
spheric conditions, is known to be the best for lubricat 
ing purposes with sliding friction coef?cient values of p. 
of 0.1 to 0.2. 
The lubricating layer according to the invention is 

especially suitable if at least one of the bearing surfaces, 
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for the HF cathode sputtering process. After evacua 
tion down to the high vacuum range (l.33>< 10-3 Pa), 
the equipment was charged with the gases required for 
the deposition process. It is necessary to have carbon in 
the gaseous phase for the formation of the layer 3, but 
also energy has to be transferred by means of ions. A 
method of this sort is described in D. S. Whitmell et a1: 
Thin Sol. Films, 35 (1976) 255. 

It is in principle possible for the coating to be done 
with high-energy carbon ions, e.g. with a high energy 
molecular beam. For industrial purposes, however, it is 
more economical to use gases which on the one hand 
provide carbon after dissociation in the plasma and on 
the other high-energy ions. In this example acetylene at 
a partial pressure of about 130 Pa was used as the gas 
providing carbon. The agitation of thegas necessary for 
the deposition was brought about by applying a high 
frequency voltage to the electrode bearing the sub 
strate. The dc. bias voltage on the substrate amounted 
to about 100 V. 
The frictional properties and the hardness of the de 

posited carbon layers according to the invention are 
shown in the Table below in relation to the correspond 
ing values of other known dry-lubricating substances. 
The sliding friction coefficients were derived by means 
of a pin on a disc. 

Lubricant Hardness (N/mmz) sliding friction coefficients p. 
graphite 

chalcogenides 
M052 

ductile metals, 
silver, lead, gold, tin 
indium 
hard substances 
borides 
silicides 
nitrides 
carbides 
carbon layers according 
to the invention 

103 0.1-0.2 (normal atmosphere, air with 
50% relative humidity) 
0.6 (dry atmosphere) 
0.02-0.05 (dry atmosphere) 
0.2 (normal atmosphere, air with 
50% relative humidity) 
0.2-0.4 under normal conditions 

103 

103-3 >< 103 

15 >< 103-35 X 103 0.o3-0.4 
0.3~0.8 under normal conditions 

20 x 103-35 X 103 0.01-0.02 (dry atmosphere) 
0.08-0.1 (normal atmosphere, air with 
50% relative humidity 

that is a bearing member, is steel. Since most lubricating 
problems occur in the ?eld of steel surfaces, this is a 
preferred ?eld of application for the lubricating layers 
in line with the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

An example of the invention and how it works will 
now be explained with reference to the drawing, in 
which 

the sole FIGURE is part of a cross-section of a bear 
ing surface coated with a lubricating layer in line with 
the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

A layer 3~l pm of thick carbon of diamond-like 
structure was applied to a substrate 1 which was a sili 
con disc with a diameter of 50 mm and a thickness of 
0.25 mm. The deposition took place from the gaseous 
phase in a way known in itself by means of a plasma 
activated deposition process, in which a bias voltage of 
100 V was imparted to the substrate 1. In this the sub 
strate was located on an electrode in a conventional 
piece of high-vacuum equipment as is used for example 
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The deposition of a lubricating layer according to the 
invention on a silicon substrate was described as an 
example. 
To improve the adhesion of the lubricating layer to 

the substrate it may however be recommended that an 
intermediate layer should be applied between the sub 
strate to be coated and the lubricating layer. 

This intermediate layer can e.g. have a similar lattice 
structure to that of the sliding layer, although hard 
amorphous substances have proved to be suitable mate 
rials for the intermediate layer. 

In experiments which led to the invention, silicon and 
silicon dioxide layers and also titanium oxycarbide lay 
ers with a layer thickness of 50 nm were applied to a 
steel substrate as intermediate layers. The coating can 
be done in accordance with a method known from 
thin-?lm technology, e.g. by cathode sputtering. 
What is claimed is: 
1. A dry-lubricated bearing having ?rst and second 

bearing surfaces, at least one of said bearing surfaces 
including a lubricating layer which is a layer of carbon 
with a diamond-like structure, 10 nm to 10 pm thick, 
which is adhesively bonded to said onebearing surface 
by means of an intermediate layer, said intermediate 
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layer having a lattice structure similar to that of the 
lubricating layer. 

2. A dry-lubricated bearing as in claim 1, wherein the 
intermediate layer is a material selected from the group 
consisting of silicon and silicon dioxide. 

3. A dry-lubricated bearing having ?rst and second 
bearing surfaces, at least one of said bearing surfaces 
including a lubricating layer which is a layer of carbon 
with a diamond-like structure, 10 nm to 10 pm thick, 
which is adhesively bonded to said one bearing surface 
by means of an intermdiate layer, said intermediate 
layer having a lattice structure similar to that of the 
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6 
lubricating layer and a thickness in the range of 10 to 
100 nm. 

4. A dry-lubricated bearing having ?rst and second 
bearing surfaces, at least one of said bearing surfaces 
including a lubricating layer which is a layer of carbon 
with a diamond-like structure, 10 nm to 10 pm thick, 
which is adhesively bonded to said one bearing surface 
by means of an intermediate layer, wherein the interme 
diate layer consists of a quasi-amorphous layer of tita 
nium oxycarbide. 

' 1: :k * * a 


